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SUMMARY 
A wing-body combination having a trianguhr wisg of aspect ratio 4 
with NACA 0005-63 thiclmess distribution in streamwise planes, and cam- 
bered and twisted for a trapezoidal span load distribution has been 
investi~ted at both subsonic and supersonic Mach numbers. The lift, 
brag, andpitching moment of the model are presented for Mach numbers 
from 0.25 to 0.96 and 1.20 to 1.70 at a Reynolds number of 1.5 million. 
The variations of the characteristics with Reynolds number are also 
shown for several Mach numbers. 
A research program is in progress at the Ames Aeronautical Labor* 
tory to ascertain experimentally at subsonic and supersonic Mach num- 
bers the characteristics of wings of interest in the design of high- 
speed fighter airplanes. Variations in plan form, twist, camber, and 
thiclmess are being investigated. This report is one of a series per- 
taining to this program and presents results of tests of a wing-body 
combination having a triangular wing of aspect ratio 4 with NACA 000-3 
thickness distribution in streamwise planes and cambered and twisted for 
a trapezoidal span load distribution. Results of other investigations 
in this program are presented in references 1, 2, and 3. As in these 
references, the data herein are presented without analysis to ekpedite 
publication. 
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wing span, - feet 
mean aer odynami c 
b/2 
chord(;. c"'>, feet 
c d~ 
0 
projected local wing chord, feet 
length of body including portion removed to accommodate sting, 
inches 
lifwrag ratio 
lllaximum lift-drag ratio 
5 c h  number 
fre&tream dynamic pressure, poun,ds per square foot 
Reynolds number based on the mean aerodynamic chord 
radius of body, inches 
miximum body radius, inches 
total projected wing area, including area formed by extending 
leading and trailing edges to pla,ne of symmetry, square,feet 
distance from wing leading edge in wing reference plane, inches 
longitudinal distance from nose of body, inches 
vertical distance from wing reference p h e ,  inches 
dis%nce perpendicular to plane of symmetry, feet 
angle of attack of body axis, degrees ' 
drag coefficient (9) 
lift coefficient (7) 
cm pitching-moment coefficient referred to quarter point of mean 
aerodynamic chord (pi tc hi;;Fmoment 
- slope of the lift curve measured at zero lift, per degree 
da 
- slope of the pitchingement curve measured at zero lift 
d C ~  
Subscripts 
upper surface of wing . 
lower surface of wing 
APPARATUS 
Wind Tunnel and Equipment 
The experimental investigation was conducted in the Ames 12-foot 
,pressure wind tunnel and in the Ames & by &foot supersonic wind t m  
nel. In each wind tunnel, the Mach number can be wried continuously 
and the stagnation pressure can be regulated to maintain a given test 
Reynolds nmber. The air in these tunnels is dried to prevent formation 
of condensation shocks. Further information on these wind tunnels is 
presented in references 4 and 5. 
The model was sting mounted in each tunnel, the diameter of the 
sting being about 82 percent of the diameter of the body base. The 
pitch, plane of the model support was vertical in the 12-foot wind tux- 
nel and horizontal in the & by &foot wind tunnel. A balance mounted 
on the sting support and enclosed within the body of the model was used 
to measure the aerodynamic forces and moments on the M e l .  The balance 
was a 2-112-inch, four-component, strain-ge balance of the type 
described in reference 6. 
Model 
A phot~graph of the model mounted in the Ames 12-foot pressure wind 
tunnel is shown in figure 1. PLan and front views of the model and 
4 NACA RM ~50K24b 
certain model dimensions are given in figure 2. Other important geameL- 
ric characteristics of the model are as follows: 
Aspect ratio. . . . . . . . . . . . . . . . . . . . . . .  4 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . .  0 
. . . . . . .  Thickness distribution (streamwise) NACA 0005-63 
Total area, S, square feet . . . . . . . . . . . . . .  2.007 
Mean aerodynamic chord, F, feet . . . . . . . . . . .  0.944 
. . . . . . . .  . . . . . . . . . . .  Incidence, degrees ; 0 
Distance, wing reference plane to body axis, feet . . 0 
. . . . .  Fineness ratio (based on length 2; fig. 2) 12.5 
Cros+section shape . . . . . . . . . . . . . . . .  Circular 
~aximum cross-sectional area,, square feet . . . . .  0.1026 
Ratio of maxi~mumcross-sectional area to,wingarea . 0.0509 
The twist and camber of the present wing were derived from a the* 
retical equatim satisf'ying the linearized supersonic potenkial flow 
equation and giving the shape of a surface for a uniform pressure distri- 
bution. (see reference 7.) At the design Mach number of 1.15 and design 
lift coefficient of 0.35 the span load distribution was trapezoidal, 
being constant to 62.5 percent of the semispan and varying linearly from 
there to zero at the tip. The section coordinates for this wing are given 
in table I. 
The wing was constructed of solid steel. The body spar was also 
steel.and covered with aluminum to form the body contours. The surfaces 
of the wing and body were polished smooth. 
TESTS AND PROcEMlRE 
Range of Test Variables 
The chara,cteristics of the model (as a f'u~~tion of w l e  of attack) 
were investigated for a range clf hhch nuuibers frm 0.25 to 0.96 in the 
Ames 12-foot pressure wind tunnel and from 1.20 to 1.70 in the Ames 
6- by &foot supersonic wind tunnel. The major portion of the data was 
obtained at a Reynolds nmber of 1.5 million. Data  were also obtained 
for Reynolds number up to 8.0 million at a Mach number of 0.25 and up to 
a Reynolds nurnber of 3.0 million at supersonic Mach numbers. 
Reduction of Data 
The test data have been reduced to standard NACa coefficient form. 
Factors which c d d  affect the accuracy of these results and the correc- 
tions applied are discussed in the following paragraphs. 
Tunnel-wall interference.- Corrections to the subsonic resialts for 
the induced effects of the tunnel walls resulting from lift an the model 
were mde according to the methods of reference 8. The numerical values 
of these corrections (which were added to the worrected data) were, for 
the results from the 12-foot wind twit 
No corrections were made to the pitching-moment coefficients. 
The effects of canstriction of the flow at subsonic speeds by the 
tunnel walls were accounted for by the method of reference 9. This cor- 
rection was calculated for conditions at zero angle of attack and was 
applied throughout the angle-af-attack range. At a Mach nmiber of 0.96 
in the 12-foot wind tunnel, this correction amounted to a 1-percent 
increase in the Mach number over that determined from a calibration of 
the wind tunnel without a model in place. 
For the tests at superso~ic speeds, the reflection from the tunnel 
walls of the Mach wave originating at ths nose of the body did not cross 
the model. No corrections were required, therefore, for tunnel--wall 
effects . 
Stream variations.- Calibration of the 12-foot wind tunnel has shown 
that in the test region the stream inclination determined from tests of 
a wing spanning the tunnel, with the support system at 00 angle of attack, 
is less than 0.08~. The variation of static pressure is less than 0.2 
percent of the dynamic pressure. No correction for the effect of these 
stream variations was mde. 
A survey of the air stream in the 6- by &foot wind tunnel at super- 
sonic speeds (reference 5) has shown a stream curvature only in the yaw 
plane of the model. The effects of this curvature on the measured char- 
acteristics of the present model are not known, but are believed to be 
small as judged by the results of reference 10. The survey also 
indicated tha t  there i s  a static-pressure variation i n  the t e s t  section 
of suff ic ient  magnitude t o  a f f ec t  the drag resul ts .  A correction was 
added t o  the  measured drag coefficient,  therefore,to account fo r  the 
longitudinal buoyancy caused by t h i s  static-pressure variation. This 
correction varied from as much as -0.0016 at  a h c h  number of 1.20 t o  
4.0016 a t  a Mach number of 1.70. 
Support interference.- A t  subsonic speeds, the effects  of support 
interference on the aerodynamic character is t ics  of the model a r e  not 
known. For the present t a i l l e s s  model, it i s  believed tha t  such ef fec ts  
consisted primarily of a change i n  the pressure a t  the base of the model. 
I n  an e f fo r t  t o  correct a t  least pa r t i a l ly  fo r  t h i s  support interference, 
the base,pressure w a s  measured and the drag data were adjusted t o  corre- 
spond t o  a base pressure equal t o  the s b t i c  pressure of the f ree  stream. 
A t  sugersonic speeds, the effects of support interference of a body- 
s t ing  configuration similar t o  tha t  of the present model a re  shown by 
reference 1 1 t o  be confined t o  a change i n  base pressure. The previ- 
ously mentioned adjustment of the drag for  base pressure, therefore, 
was applied at  supersonic speeds. 
Errors introduced by support system.- Clearances between moving 
parts  i n  the support system i n  the 6- by 6-f oot supersonic wind tunnel 
under cer tain conditions permitted the aagle of a t tack  t o  wry a s  m c h  
as 0 . 3 ~  with no change i n  the a n g l ~ f - a t t a c k  indicator. The clearances 
were discovered a f t e r  inspection of the data of reference 3 showed t h a t  
the  drag coefficients were not the same a t  posit ive and negative l i f t  
coefficients.  However, cal ibrat ion of the ang lwf -a t t ack  indicator 
during the present investigation, as well as tha t  of reference 3, had 
been mde i n  such a nianner tha t  the angles of a t tack  and thus the l i f t  
and drag resu l t s  were correct a t  posit ive l i f t  coefficients. Fbrther 
proof of t h i s  fac t  was obtained during the inves t iga t im of reference 3 
from re-runs a t  several Mach numbers mde i n  a mmner t o  eliminate alto- 
gether the effects  of the excessive clearance. The drag data from those 
t e s t s  (symmetrical about zero l i f t )  agreed with those of the first ser ies  
of t e s t s  a t  posit ive l i f t  coefficient,  as did the asgle of a t tack and 
lift and pitching+mment coefficients.  
Balance.- A s  the model i s  pitched i n  the ver t ica l  plane i n  the 
12-foot wind tunnel, the weight of the model produces a change i n  the 
measured forces and moments which, fo r  the present t e s t s ,  was signifi-  
cant only for  the chord-force measurements. The measured chord-force 
t a r e  had a small d i s c o n t i ~ u i t y  when the chord force reversed direction. 
Since the same discontinuity was present i n  the uncorrected drag data, 
these data were corrected for  this Inherent cba,racteristic of 'he meas- 
uring system. 
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The results are presented i n  th i s  report without analysis i n  order 
t o  expedite publication. Figure 3 shows the wriaticm of l i f t  coeffi- 
cient with angle of attack and the variatson of drag coefficient, 
pitching-moment coefficient, and l if t-drag ra t io  with l i f t  coefficient 
a t  a Reynolds nwiber of 1.5 million and a t  Mqch numbers from 0.25 t o  
1.70. The effect of Reynolds number on the aerodynamic characteristics 
a t  Mach znmibers of 0.25, 1.20 and 1.53 i s  shown i n  figure 4. The 
results  presented i n  figure 3 bave been sumnmerized in figure 5 t o  show 
some importsnt parameters a s  functions of Mach number. The slope param- 
eters  i n  th i s  figure have been measured a t  zero l i f t .  
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TABLE I1 
COORDINATES FOR TWISTED AND CAMBERED TRIANGULAR WING OF ASPECT RATIO 4 
Stat ion 0 
( s m e t r i c a l )  
X z 
0.000 0.000 
.213 .I34 
.425 .I85 
.850 .252 
1.275 .298 
1.700 .332 
2.550 .379 
3.400 .406 
4.250 -421 
5.100 .425 
6.800 ?411 
8.500 .375 
10.200 .323 
1 1 . 9 0  .260 
13.600 -1% 
Stat ion 6.800 
Xu zu XL ZL 
Stat ion 2.210 
xu zu XL ZL 
0.000 0.127 0.000 0.127 
.188 .270 .1% .035 
.376 .326 .373 .002 
,750 .390 .746 -.049 
1.108 .416 1.103 -. 107 
1.482 -403 1.476 -.I80 
2.230 -405 2.224 -.259 
2.961 .411 2.955 -.300 
3.709 -4lO 3.702 -.320 
4.440 . b 6  4.433 -.331 
5.919 .382 5.912 -.333 
7.397 .344 7.392 -.309 
8.676 .293 8.871 -.269 
10.355 -234 10.351 -.218 
11.833 -167 11.830 -.156 
-.087 
Leading-edge radius: 0.028 . 
-.O48 
-.008 
0.040 
Station 5.100 
xu ZU XL ZL 
0.000 0.293 0.000 0.293 
.I51 .416 .I48 .226 
.301 .467 .296 .205 
.600 .535 .593 .I79 
.899 .581 .891 .163 
1.197 .613 1.188 .149 
1.7% -649 1.762 .I22 
2.388 .653 2.377 .O&i 
2.981 .616 2.970 .025 
3.575 .543 3.564 -.052 
4.764 .471 4.753 -.lo4 
5.953 .409 5.943 -.I14 
7.143 .347 7.134 -.lo3 
8.332 .2& 8.325 -.077 
9.520 .2X, 9.515 -.041 
10.709 .149 10.706 .006 
11.304 .I13 11.302 .033 
11.898 .074 11.898 .062 
Leadingedge radius: 0.032 
Station 3.400 
xu zu XL ZL 
0.000 0.196 0.000 0.196 
.172 .330 .169 .117 
.343 .384 .339 .087 
.684 .456 .678 .Ow 
1.024 .498 1.018 .021 
1.365 .521 1.357 -.O11 
2.044 -507 2.036 -.lo1 
2.724 .479 2.715 -.I81 
3.404 .451 3.395 -.221 
4.084 .435 4.075 -.243 
5.444 .399 5.435 -.256 
6.802 .354 6.794 -.243 
8.162 .302 8.155 -.214 
9.521 .243 9.516 -.I71 
10.881 .178 10.877 -.I20 
12.240 .ID5 12.238 -.059 
12.920 .068 12.918 -.025 
13.599 .025 13.599 - . O l l  
Leadingedge radius : 0.037 
Station 8.500 
xu zu XL ZL 
Station 4.250 
xu 5 XL ZL 
0.000 0.244 0.000 0.244 
.152 .373 .149 .I72 
.326 .427 -321 .146 
.6% .499 .644 .I17 
.957 .541 .950 ,093 
1.281 ,572 1.273 .072 
1.927 .595 1.918 .025 
2.556 .559 2.546 -.054 
3.201 .506 3.191 -.I28 
3.830 .479 3.819 -.I60 
5.103 .429 5.093 -.I87 
6.378 .381 6.369 -.I84 
7.652 .327 7.644 -.169 
8.927 .258 8.pO -.I33 
10.201 .I93 1 0 . 1 g  -.O% 
11.475 .I24 11.473 -.030 
. I 2 . I 2 O  .085 12.118 0 
12.748 .047 12.748 .033 
Leading-edge radius : 0.035 
' l a c a t i ~ n s  of s tat ions a re  measured i n  inches from plane of symetry. 
Leadingedge radius: 0.023 
Stat ion 10.200 
xu zu XL ZL 
Leading-edge radius: 0.019 
Stat ion 12.750 
xu zu XL ZL 
Stat ion 14.875 
xu ZU XL ZL 
L e a d i w d g e  radius: 0.012 Leadingedge radius: 0.006 
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Figure 1.- Ths &el in tha h a  12-foot pressure wind tunnel. 
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Equation of fuselage radii 
A// dimensions shown in inches 
unless otherwise noted 
C 18.68 +4 /ZOO -4 
4 45.38 + 
1 
c1 I =  54.N + 
T 
figure 2.- Plan and front views of the model. 
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Fipure 3.- The variation of the owodynanjc characteristics with lift coefficient a t .  varkus Mach numbers. 
ffeyno/ds number, /. 5 mi//ion . 
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Figure 3. - Continred. 
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Figure 3. - Concluded . 
figure 4. - The vuriotion of the oerodynumc choract&stics with lift coeffjo'ent 
ot vorious Reyno/ds numbers. 
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Drag coefficient, CD Ang/e of attack, a, deg . Pitching-moment coefficient, Cm 
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Figure 4. - Continued. 
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Drag coefficient, CD Angle of attack, cr, deg Pitching- moment coe f ficien f , Cm 
Ic )  M=/. 53 
Figure 4. - Concluded. 
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0 .2 .4 .6 .8 LO L2 L4 L6 L8 
Mach number, M 
0 .4 .6 .8 LO LZ L4 L6 L8 
Mach numbe~ M 
L 
f@ure 5.- Summary of aerodynamic characfsnjtcs as a function of 
Moch number. Reynolds number, /.5 million. 
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Mach number, M 
Fiwe 5. - Continued 
Mach number, M 
/ e )  G v s M .  
Figure 5. - Concluded. 
